Introduction
Cold shock is defined as the rapid cooling of spermatozoa or semen to temperatures just above 0°C; for most species this results in irreversible loss of motility and fertilizing capacity (Mann, 1964) . Hamster spermatozoa, however, tolerate cold shock remarkably well.
Although the acrosomes of hamster spermatozoa are morphologically altered by cold shock, such spermatozoa are able to undergo a normal acrosome reaction (loss of the acrosomal cap from highly motile spermatozoa) and activation of motility when warmed to 37°C and cultured in vitro (Talbot & Franklin, 1976) . The fertilizing capacity of such spermatozoa, however, has not been previously tested. This report extends our earlier observations on cold-shocked hamster spermatozoa in that the effects of cold shock on the motility and acrosome morphology of epididymal, ejaculated and serum-incubated spermatozoa are compared, and the capacity of cold-shocked spermatozoa to fertilize eggs in vivo and in vitro is examined.
Materials and Methods
The golden hamsters (Mesocricetus auratus) used were from the laboratory colony. Collecton of spermatozoa. Spermatozoa from the cauda epididymidis were collected in 0-5 ml saline (0· 154 M-NaCl) and further diluted to 2 10s cells/ml immediately before use. Sperm concentration was measured turbidimetrically. Ejaculated spermatozoa were collected from lightly anaesthetized animals (5 mg Nembutal/100 g body weight) by using a rectal probe and direct current generator (Keating, 1975) (Greenwald, 1962) . Epididymal spermatozoa were collected as described above, placed in heat-treated serum, exposed to 24 or 5°C for 5 min, pelleted by gentle centrifugation, and resuspended in fresh serum. After incubation at 37°C for 40-60 min, 0· 1 ml of the cold-shocked sperm suspension was injected into the ligated uterine horn of a female which had been induced to superovulate; control spermatozoa (37°C) were injected into the contralateral horn. Ova were recovered from the oviducts 18 h later and examined for the presence of a sperm tail in the vitellus.
In-vitro fertilization. The fertilizing capacity of cold-shocked hamster spermatozoa was tested in vitro by using intact cumulus masses containing ova, cumulus-free ova, and zona pellucida-free ova. Cumulus masses were collected 12-14 h after the hCG injection from females induced to superovulate. Cumulus was added to cold-shocked or control spermatozoa (prepared as described for in-vivo fertilization) which had been incubated for 3 h at 37°C in heat-treated serum. Cumulus and spermatozoa were incubated together for 3 h then the ova were fixed in formalin and scored for penetration ( (Table 2 ). The acrosomes became swollen and elevated (see Talbot & Franklin, 1976 ) and the motility rating was significantly lower than that of controls. Many sperm tails formed hairpin loops.
In-vivo fertilization with cold-shocked spermatozoa. In the control experiments with unshocked spermatozoa, 57 eggs were recovered from the uteri and 68% (38-100% in 3 experi¬ ments) were fertilized. The values for cold-shocked spermatozoa were 52 eggs recovered and 23% (0-75) fertilized (P < 0-01).
In-vitro fertilization with cold-shocked spermatozoa. The percentage of fertilized ova was decreased when cumulus masses were incubated with cold-shocked spermatozoa (Table 3) . Swollen sperm nuclei were observed in the cytoplasm of 63-9% of the ova penetrated by coldshocked spermatozoa. In the other penetrated eggs, spermatozoa were present in the perivitelline Motility rating 5-5 ± 0-9 5-7 ±0-9 *2-9 + 0-4 »1-9 + 0-3 % Acrosome reacted 10-0 ±11-1 10-0 ±11-1 1-6+1-3 4-0 ± 2-4 % Crenulated acrosomes 2-6 ± 2-1 2-7+1-6 1-6 + 0-8 3-2 ±1-5 % Swollen acrosomes 4-0+1-4 7-0 ± 4-6 *45-6 ± 9-4 *59-2 ± 7-7 * Values significantly different from the corresponding control value, < 0 05. (Table 3 ). The quality of the sper¬ matozoa in incubation droplets was assessed under the dissecting microscope at 100 magnification immediately before addition of ova. Generally droplets from the 5-and 10-min experimental treatments were indistinguishable from controls, but spermatozoa cold shocked for 20 min sometimes appeared inferior (i.e. less reversal of agglutination, slightly slower swimming rate) than those in the 20-min control or 5-and 10-min cold-shock groups. All droplets contained some activated spermatozoa. In several experiments, the binding of spermatozoa to the surface of the zona pellucida was noted. Control ova always had numerous spermatozoa (>100) on the zona surface, but ova incubated with cold-shocked spermatozoa usually had Morita & Chang (1970) noted that some of the secretions of the male reproductive tract sensitize epididymal hamster spermatozoa to cold shock and cause immobilization. The present study demonstrates that in an appropriate medium (serum) immobilization of hamster spermatozoa does not result from cold shock.
The acrosomes of hamster spermatozoa, like those of sheep (Walton, 1957) , ram (Quinn, White & Cleland, 1969; Jones & Martin, 1973) , boar (Boender, 1968; Pursel, Johnson & Rampacek, 1972; Jones, 1973) and bull (Hancock, 1952) (Talbot & Franklin, 1976) , although it is not yet known whether the factors promoting crenulation are the same. Unlike those of fresh epididymal spermatozoa, the acrosomes of unreacted spermatozoa became swollen and elevated rather than crenulated when subjected to cold shock even after incubation in serum, indicating that the serum incubation had affected the acrosome in such a way as to preclude acrosomal crenulation. Therefore, even though viability and motility might appear normal after culture, the spermatozoa are unable to undergo normal acrosome reactions and their fertilizing ability would be limited.
Cold shock reduces fertilizing capacity, usually because it immobilizes spermatozoa (Mann, 1964) . In the present study, epididymal spermatozoa were not immobilized after cold shock, although a progressive decrease in fertilizing capacity was observed with increased duration of cold shock. Reduction in fertilizing capacity was not caused by failure of the spermatozoa to undergo normal acrosome reactions, which are necessary for zona penetration (Austin, 1963) , or activation of motility which accompanies capacitation in the hamster (Yanagimachi, 1970) . Also, reduced fertilizing capacity was not due to failure of spermatozoa to reach the zona pellucida surface, as shown by the experiments with cumulus-free ova and the similar percent-age of fertilization in vivo. Cold shock did not inhibit fusion of the spermatozoa and vitellus when penetration of the zona pellucida was successful and zona-free ova were penetrated by cold-shocked capacitated spermatozoa in spite of highly aberrant tail morphology and motility. These observations, together with the reduced numbers of cold-shocked spermatozoa bound to the zona pellucida, suggest that the decreased fertilizing capacity of cold-shocked hamster spermatozoa is due to the failure of spermatozoa to bind to and/or penetrate the zona pellucida. Longer periods of cold shock could affect other events of fertilization, but in the present experi¬ mental conditions zona binding and/or penetration appeared to be most sensitive to cold shock.
The results of this study demonstrate the remarkable resistance of epididymal and ejaculated hamster spermatozoa to cold shock and the retention of some fertilizing capacity even after cold shock for 5 or 10 min. Factors which could explain this resistance are not yet known, but it is possible that the membranes of hamster spermatozoa are structurally different from those of other species because hamsters are hibernators. During hibernation the body temperature is reduced to 4-5°C and the factors which make hamster cell membranes able to withstand and function at these low temperatures (see Aloia & Pengelley, 1978) could also enable hamster spermatozoa to tolerate cold shock better than spermatozoa from non-hibernators.
